Background: Decreasing the ICU length of stay (LOS) after cardiac operations may increase ICU recidivism, obviating the benefit of early discharge. Methods: From January 1, 1994 to January 1, 1998, there were 2,388 consecutive cardiac operations, from which 2,228 patients were discharged alive from the ICU and had sufficient information to determine their incidence of ICU return, the reasons for their return, their ICU LOS (initial and secondary LOS), and mortality. Conclusions: Over the years studied, the initial ICU LOS after cardiac operations has decreased in association with a significant increase in ICU recidivism. Importantly, however, patients readmitted to the ICU are those with longer initial LOSs. Decreased initial stay does not account for our increased ICU recidivism, and efforts to decrease ICU recidivism can focus on the patients with poor preoperative cardiac function and longer initial ICU stays.
D
ecreased use of resources equates with decreased costs, but quality patient care must be maintained. Vander Salm and Blair 1 showed 15 years ago that ICU length of stay (LOS) after cardiac operations could be shortened to the benefit of cost, without adverse patient care consequences. Over the past several years, we have systematically worked to reduce the LOS in our ICU after cardiac operations. Review of our annual cardiac surgical statistics in early 1997 revealed an apparent increase in the return of patients to the ICU after an initial discharge during the 1996 calendar year. This raised concerns that the decrease in the length of the initial post-cardiac surgery ICU stay may have occurred at the expense of adverse patient outcomes (need for secondary ICU admissions) and negative economic impact (net increase in the total ICU LOS).
To evaluate our concerns, we examined the incidence of recidivism and its impact on overall ICU LOS over a period of years prior to and inclusive of 1997. Our intent was to determine whether a decrease in initial post-cardiac surgery ICU LOS was associated with a real increase in recidivism, and whether the total ICU LOS was in fact decreased or increased when the readmission times were included. Furthermore, we hoped to determine whether the patients with the shorter initial LOS were those who were readmitted, and to establish predictors of readmission.
Materials and Methods

Patient Population
All cardiac surgery patients (n ϭ 2,388) operated on at our institution from January 1, 1994 until January 1, 1998 were surveyed for this retrospective study. Patients excluded from these 2,388 cardiac operations included 15 intraoperative deaths; 87 patients who died during their initial ICU stay; and 58 patients for whom insufficient data was available to precisely determine an initial or secondary ICU LOS (incomplete admission and discharge time data). The remaining 2,228 patients, who were discharged alive from their initial surgical-respiratory ICU stay, are the subject of this study. Of these patients, 128 were later readmitted to the ICU. The majority of these patients underwent coronary artery bypass grafts (73.8%), but no procedures requiring cardiopulmonary bypass (valves, aneurysms alone or in any combination with coronary artery bypass grafts) were excluded. The entire cohort's mean age was 65.8 Ϯ 11.8 years old and 32.4% were female (Table 1) .
Preoperative and operative variables were retrospectively reviewed in our established cardiac surgery database (PATS; Axis Clinical Software; Portland, OR). Discharge summaries of those readmitted to the ICU throughout the period of the study were reviewed and one of us (C.S.) determined a single most prominent reason for readmission to the ICU for each individual patient.
Statistical Methods
Categorical data was compared using 2 analysis or Fisher's Exact Test. Means of continuous data were compared using the Student's t test. The calculated p values are as stated. Means are expressed as the mean Ϯ SD. Quartiles of initial ICU LOS were constructed to allow a comparison of equal sized groups (n ϭ 557) according to increasing initial ICU LOS (the first quartile having the shortest initial LOS and the last quartile having the longest). These quartiles were compared to examine the relationship of the initial ICU LOS to the incidence of recidivism and secondary LOSs.
Results
LOS and Mortality
The incidence of readmission (Fig 1) , the mean initial ICU LOS for those readmitted and those not readmitted, and the mean secondary LOS (Fig 2) are depicted. There was a significantly longer mean initial ICU LOS among those requiring readmission compared with those not requiring readmission ( Fig  2) . The relationship of initial ICU LOS to recidivism was examined by dividing the patients into four equal groups (quartiles) based on their initial ICU LOS (I ϭ shortest, IV ϭ longest). The incidence of readmission was significantly greater among those with longer initial stays (from shortest to longest quartiles of initial stay, p ϭ 0.008; Fig 3) . The median secondary LOS was directly related to the initial LOS. The patients with the shorter initial LOSs were not more likely to be readmitted, nor did they require as long a secondary stay if they were readmitted.
The mean initial ICU LOS for the 2,228 patients, by the year of their operations, is shown in Table 2 . The ICU LOS decreased over the first 3 years and went up slightly in year 4, in association with a consistent increase in the annual recidivism incidence (Fig 1) . The mean initial LOS for those readmitted was significantly longer than that of those not readmitted (87.4 Ϯ 145.3 h vs 58.2 Ϯ 113.5 h; p ϭ 0.006). The mean interval to readmission was 2.8 Ϯ 2.8 days, and the mean secondary LOS for those who were readmitted was 190 Ϯ 316 h. The mean total hours of ICU stay (inclusive of the secondary hours) per patient is also shown in Table  2 . Despite the increase in the recidivism rate, the total ICU LOS per patient decreased, although not to a statistically significant degree.
Reasons for readmission are shown in Table 3 . Respiratory difficulties, as defined by refractory hypoxia, hypercarbia, or subjective respiratory distress, accounted for nearly one half of the readmissions. The percentage of patients readmitted during the 4-year period for pulmonary causes rose from 1.5% in 1994 and 0.9% in 1995 to 3.2% in 1996 and 3.0% in 1997 (p ϭ 0.0001).
Although not the subject of this study, it was noted that most of the deaths after these 2,388 cardiac operations occurred during the initial ICU stay (n ϭ 87), with 15 intraoperative deaths (no ICU admission). Among the 2,228 patients discharged alive after an initial post-cardiac surgery ICU stay, 
Predictors of Recidivism
The mean age of those readmitted was not significantly different from that of those not readmitted (65.6 ϩ 11.8 vs 68.5 ϩ 11.3 years old; p ϭ 0.572). Compared to male patients, female patients were more likely to be readmitted (7.5% vs 4.9%; p ϭ 0.019). The recidivism rates for patients with a preoperative history of diabetes, COPD, prior cardiac operations, prior myocardial infarction (MI), or dysrhythmias were not significantly increased compared with patients who did not have those conditions. Patients with a history of congestive heart failure (CHF) were twice as likely to be readmitted (19.7% vs 35.9%; p ϭ 0.00002). Several factors and their associated ICU recidivism rates are shown in Table 4 . Any homologous blood use in the operating room was also more common among those requiring readmission (6.3% vs 4.0%; p ϭ 0.045). The presence of multiple comorbidities increased the risk of readmission: one fourth of the patients who were readmitted had three or more comorbidities, compared with just less than one tenth of the patients who did not require readmission.
Discussion
The incidence of critical care unit readmission over a 12-month period in a community teaching hospital was reported in 1983. 2 In that report, 11.7% of patients with a wide variety of diagnoses and procedures returned to the critical care unit after initial discharge from that unit. In a similar time period, the readmission rate for post-cardiac surgery patients can be calculated to be as low as 4.4%. 1 More than a decade later, in a post-cardiac surgery population, our incidence of readmission is between these reported figures, and the incidence of readmission has risen, with a concomitant decrease in the initial length of ICU stay.
Clearly the use of ICUs for post-cardiac surgery patients varies widely, and some of this variance is accounted for by preoperative health status of the patient population, the institution's physical constraints, operation mix, and institutional or individual practice styles. 3 In our institution, there is a single group of cardiac surgeons. We transfer our patients directly from the operating room to the surgical ICU (staffed by surgical and anesthesiologist intensivists). After their ICU stay, patients are transferred to a dedicated rehabilitation nursing unit with telemetry. We use neither a postanesthetic recovery area, nor a step-down unit. The decision for transfer of patients from the surgical ICU at our institution is protocol-driven and parameter-based (not time-based). In our experience, the resources available outside the ICU are very rarely rate-limiting (Ͻ 5 patient days per year). In the through-put of cardiac surgery patients, the operating room and the ICU are our limiting resources, and moving patients through these areas is emphasized as a concern quite secondary to the paramount patient-care issues. Capacity, or availability of space, in the post-ICU rehabilitation unit has, in our experience, no impact on the decision to transfer patients from the ICU.
Premature discharge has been cited as a factor contributing to recidivism (36% of readmissions). 2 Many such patients, as in our series, returned to the ICU for cardiopulmonary issues, which is not surprising when one considers the care that can be provided in an ICU compared with a less intensive environment. The patients who return to the ICU stay, on average, 7.9 days (Table 2) , and their mortality is high. If premature discharge were a factor in increased return to the ICU, this would clearly require attention. We believe the central finding of our study is that the patients most likely to return to the ICU are not those with the shortest initial stays but, rather, those with the longest.
Specific predictors of the post-cardiac surgery ICU LOS and morbidity have been reported. 4, 5 The predictors of readmission to the unit include female gender, as well as preoperative characteristics related to poor cardiac function, and intraoperative, or postoperative, factors that mitigate against early discharge from the ICU (large fluid requirements/ retention and prolonged ventilator use).
Our data indicate that the initial ICU LOS after cardiac operations can be shortened without significantly increasing the recidivism rate or the total ICU LOS. Increasing the initial ICU LOS to decrease the recidivism rate would not achieve the desired result, as the patients most likely to return to the ICU are those with the longer, more complicated, initial stays. A strategy to reduce ICU recidivism should focus on those patients with a history of CHF, low left ventricular ejection fraction, the longer initial ICU stays, higher postoperative weight gain, and/or other risks for respiratory dysfunction. The next challenge is to devise management changes for the potentially recidivistic group that might prevent their readmission, or, at the least, decrease their long 
